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SUMMARY PAGE

THE PROBLEM

Low intensity extremely low frequency (ELF) communication systems have been the : 4

subject of tecent Navy interest, The present study continues a series of investigations ,,g

aimed ot determining the biological effects of electromagnetic radiation in the ELF region. g 3

FINDINGS B

No significant alterations in reaction time, in operont responding, or In a match=to= \

* ! sample task were observed in two rhesus monkeys exposed to 45+Hz magnetic and electric &

fields. These results concur with earlier studles. When the animals were exposed to 10- i

Hz flelds, statistically significant effects were observed, but they were not clinically sig= b

nificant because the effects did not occur in both subjects nor in elther subject when the *

experiment was repeated. The present study failed to establish that ELF magnetic and ji

electric flelds at low intensity unequivocally produce behavioral changes in nonhuman 3

primates, ; 4
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b ~ Experiments reported herein were conducted according to the principles enunciated :g

i in "Gulde for Laboratory Animal Facilities and Care" prepared by the Committee on the ¥

A g Guide for Laboratory Animal Rescurces, National Academy of Sclences-=-Natlonal o

;8 Research Council. , ¢
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INTRODUCTION

Extremely low frequency (ELF) magnetic and electric fields are the topic of an in-
creasing number of investigations. Many of thase investigations are concerned with the
fields introduced by climatic changes, solar eruptions, and geomagnetic conditions (11,
15), wheraas other studies are concerned with specific fields produced by high-voltage
power installations and associated transmission lines (9). In addition, some investigators,
interested in biological communication, are studying the fields produced hy living organ=
isms (18). The growing concern with ELF magnetic and elactric fields was recently dem~
onstrated by an internationally -attended symposium in the United States wherein the
biological effect of such fields was the major topic (16).

Generally, the biological effects of ELF flelds are not easily discerned. For example,

~in several studies Persinger (12,13) exposed rats prenatally to ELF (0.5 Hz) magnetic

flelds of 330 gauss. As adults, these rats tended to show less activity than the control
group. However, he later exposed adult rats to similar fields and ofterwards they dis-
played greater activity than contro! animals (14). Because of the variable intensity of the
magnetic field used, it is impossible to specify the effective gauss level in Persinger's
studies.

Regardless of these upparent inconsistericies, Persinger's work hos prompted some
hypotheses about the underlying mechanisms mediating effects of ELF magnetic fields (10).

The mechanisms are probably independent of reactions to induced electric Tields alone be-"".

cause It has been demonstrated that even an electric fish, Sternarchus albifrons, reacts
uifferently to a magnetic field (600 to 1200 Hz, 10 cmd 20 gauss) thun it does to an elec-
e fleld (18)

ELF electric flelds (640 Hz, 2 V/m) do influence brain activity (EEG) in rats, and it
has been hypothesized that the posterior hypothalamus is involved in the mediation of
"electrosensitivity " (9). In preliminary findings, Ludwlg (personal communication) dis=
covered that ELF electric fields (5-20 Hz) alter human behavior which could be considered
indicative of motivation. He found that some institutionalized putients reported changes
in "mood" when theie fields were turned off. Because the hypothalamus is intricately in-
volved in motivoied behavior, these studies imply that experiments with ELF fields should
explore "mofivated" behavior in enimals. Although reports of positive findings continue
to appear, the experiments are difficuit to duplicate and attempts to demonstrate ELF
effects are not always successful (1,4,5). The present investigation studied a number of
different behaviors indicaiive of motivation level and presents three experiments of a con-
tinuing series in an attempt to identify the behaviorally effective frequency of low in-
tensity ELF fields.

METHOD
SUBJECTS

Two male rhesus moneys (Macaca mulatta), approximately 7 years old, were the sub -~
jects. These animals, AR4 and AP§, were also in the first experiment of this study in

|

%‘.,“,.. G {q.z]; —i*rﬁ.\-f ;‘ﬂyg-,—“! g {J%"’,’-‘ ";’,« Xr-;‘l¥ "u%ﬂ L‘f 'Wffa iﬁ Yﬂlié,n\, PEOFAN

Bt " SURRTRUR Sy SR N VIO (TP 2 R 37 ek

P

L R ST At S

BTN et G

E R
0 e

N
X
=

Y,
48

G
PTG




TPFRT S IR Y YN AR TRERE
T T TS AR T SR R TS0 PR P T o AR T R RS PRI e B i

vhich they were subjected to 75=Hz magnetic and electric fields (1). Medical histories
of the subjects indicated they were physically normal.

APPARATUS

Two animal chambers made of wood and fiberboard, isolated from extraneous light,
; noise, and vibration, were each placed in large Helmholtz coils. The front of the cham=
i bers faced east, Each chamber was outritted with standard lighting, grid floors, and a
i work panel containing manipulanda for the animal's responses. A detailed description of
the apparatus is glven in a previous report (1),

T 1

TR

The magnetic fields were 10 gauss and varied i 0.5 gauss within the chambers. Meas-
urements were made with a Bell 620 gaussmeter. An electric field probe developed by IIT
Research Institute, Chicago, lllinols, was used to measure the electric fields. ELF elec-
tric fields of 60 Hz generated by the houselights and exhaust fans existed along with the
purposely generated 45-Hz and later the 10-Hz electric flields. The extraneous 60=Hz
electric fields were o vertical fleld of 4.4 V/m, an axial (front-to~rear) fleld of 5.8 V/m, S
and a transverse (side=to=side) field of 1.8 V/m. These were all rms values of 60-Hz 3
fields and were present throughout the expernaent., With the houselight off extraneous ERIE
‘flelds averaged 0.8 V/m. The 45-Hz E fiaids were a vertical field of 3.0 V/m, an axial VR
field of 3.5 V/m and. a transverse fleld of 7.4 V/m. Measurements of the 10-Hz electric £
flelds were not made but it was assumed that these E fields would be somewhat less intense .
thon the 45=Hz flelds. The presence of the 60=Hz fie!ds combined with the 45= or the o
10=~Hz fields produced compiex waves. Because the extraneuus fields were always present P
during the animals' work periods, and the maximum field was 7.4 V/m when it was ap~
plied at 45 Hz, the independen: variabie was considered to be the 45-Hz B field in phase : ;
with a 7.4 V/m (rms) electric fleld at 45 Hz and later a less intense 10~Hz E fleld with a :
10~Hz B field.

P4
AR L Pt e LS .

H

PROCEDURE

The subjects were trained to perform three distinct tasks-~Fixed Interval (FI), Re~
action Time (RT), and Match=to~Sample (MS)-~to obtain food and water. Reinforcement
for corisct performance was an 0.86 gm Purina Monkey Chow Tablet or 2.0 cc of water.
Supplemental portions of fruit prior to each sesiion and weekend food were the only other
food sources. The subjects were initially trained to press buttons next to the food and
water apertures whenever these apertures wure illuminated. Then, the subjects were
! trained on one of the specific tasks to illuminate the food ard water apertures, and,

‘ ¢ hence, make reinforcament available. Following training on this task, the two other

r tasks were imposed, and the subjects were trained to work each in succession. When the
animals were responding well and prior to the start of this experiment, the reinforcement
i schedule was altered so that 50 percent of the reinforcement opportunities were replaced
with @ 0.7-second flash of the food anc water lights. These brief flashes were program-
¥ med to oczur randomly and effectivaly reduced the frequency of food and water reinforce-
ment by 50 percent. In the present study and others (6), such brief presentations.of a
reinforcement light were treated as conditioned reinforcers,
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Fl. In the presence of a green light on the lower center of the work panel, the sub-
jects momentarily lifted a lever directly below the green light. A lever lift after 20 sec=
onds had elapsed resulted in reinforcement availability or a reinforcement light flash.

RT. In the presence of a red light beneath the Fl light on the work panel, the sub-
jects [ifted the same lever as in Fl until a tone occurred. In the presence of the tone the
subjects released the lever which resulted in tone and red light extinction and reinforce-
ment availability or reinforcement light flesh, [f the lever were held up more than 1.0
second while the tone was present, the red light and tone cxtinguished and a 10-~second
interval (intertrial interval) intervened between the lever release and the next onset of
the red light, The interval between reinforcement and red light presentatisns, the inter-
trial interval (ITI), was always 10 seconds. The period between lever |ift during the red
light and tone onset was the foreperiod, which variec between 0.5 and 10 seconds. Lever
réleases during the foreperiod (anticipatory responses) and lever lifts in the absence of the
red light (1Tl responses) reset the interval before the next red light.

MS. The animals were trained to press a disc (standard) centered on the work panel
when Tt was transilluminated with orie of ten different stimuli (colors and symbols, Grason=
Stadler pattern No. 153). Below the top disc were two similar discs (comparison). A re~
sponse on the top disc was followed by removal of its stimulus and 1.0 second later the
same stimulus appeared on elther the right or left comparison disc. A different stimulus
was on the opposing comparison disc. When the disc with the inatching stimulus was
pressed, all stimuli were removed and reinforcement became available or the reinforce=
ment light flashed. When the disc with the non-matching stimulus was pressed, all stimuli
were removed and 15 seconds later the same. stimulus appeured on the top disc again, Ten
seconds after reinforcement was obtained (IT1), another stimulus appeared on the top disc.
The presentations of the stimull on the top disc following reinforcement and light flash
were random cnd their presentation on the right and left comparison discs was also random=
ly determined.

Each task was available during a single 15=minute component each hour. A compo-
nent was followed by a 5-minute extinction (ext) period in which no tasks were available.
The sequence of tasks during each hour was Fl, ext, RT, ext, MS, ext. Each experimen-
tal session was of 8 hours duration except on Friday when a é6~hour session occurred. The
subjects were confined to the chambers from 0930 o, one day to 0730 on the following
day . Between 0730 and 0930 the subjects were weighed, the cages cleaned, and the
aquipment checked. On Friday they were removed to holding coges at 1430 except dur-
ing the final phase of the experiment when sessions occurred without weexend breaks.

The study was conducted in three discrete sections, A, B, and C. Sections A and B
utilized the cbove procedure. Section C contained a larger F1 (30 seconds) and the MS
ITI was increased to 15 seconds. Section A, which conrained 66 sessions, subjected the
anirals to a 45-Hz, 10-gauss magnetic field combined with the electric field for 13 ses-
sions starting at session 46, when both subjects' behavior had been stable for a sufficient
period (7 sessions). In Section B the fields were a 10-Hz, 10-gauss magnetic field com~
bined with the 10-Hz electric field and'began five days after Section A had been
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concluded. Section B lasted for 29 sessions. The fields were turned on at the start of ses~
sion 12 and centinued 12 sessions. Section C began six days after B had been concluded.
The fields remained the same during Section C and the sessions occurred continuously for
24 sessions. In C there were no weekend interruptions and each experimental session last~

ed the entire 8 hours. Also, in-C the field was on during the middle 8 sessions. The pro~
cedures are summarized in Table 1,

At the conclusion of Section C the arnimals were removed from their chambers and
' given complete physical examinations,
Table |

, Summary of Experimental Conditions
Section Ft (sec) RT (IT1) MS (IT1)  Hz Sessions Total Sussions ;s
ﬁ;”"q
, N Ié e
A 20 10 10 45 13 66 Y \I%
- .
B 20 1010 10 12 29 ol
I
' ! { i
G 30 10 15 10 8 24 P
hoo8
| ~ -
RESULTS AND DISCUSSION v §
‘ .
N No physical abnormalities were seen in elther animal as a result of the ELF fields at 3‘
' either frequency . | “q“‘
i i
%‘, SECTION A ,E
b
5 Behavioral indices for the 45-Hz phase of this experiment were extraordinarily stable. g
; Figure 1 illustrates daily performance duriig Fl behavior. The measures were reinforce - £
i ment time, the time between reinforcement being made available and a reinforcement re- B
; sponse; pause time, the time following a reinforcement response and the next Fl lever re- |
: sponse; and response rate, the number of Fl lever responses ver minute.  As seen inFigure '__1
A Fl behavior showed no significant deviations correlated with the 45~Hz fields, Reinforce-
: ment time was very stable for AP6 and quite variahle for AR4, but no changes occurred
when the fields were introduced at session 46 or removed after session 58. Pause time and y
8 : response rate showed considerable daily vuriation but, again, no changes occurred when k!
the fields were introduced or removed. Figure illustrates more definitely the lack of E
B ' 5
4 4 ;
B |
. " et g . Ay A L e g Y Lot 4 Ladad 1 - ‘M
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Figure 1

Fixed Interval behavior of AP6 (tricngles) and AR4 (circles). A and B on the
abscissa indicate respectively when the 45-Hz fields were introduced and then
removed .
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&
N
e s

The mean response rate per 2.0-second segment as a function of the 45-Hz fields. Re-=
sponses were sortad according to the successive 2,0-second segment following the start
of an Fl 20-second component wherein the response occurred. The oidinate is a logscale .
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changes in response rate asssciated with the fieids.* The data are from the 7 days prior
to, 13 days during, and 7 days after the fields were present. In Figure 2 the mean rate of
responding per minute in each 2.0-second segment of the F! 20-second component is plot=-
ted on a logarithmic scale. The only differences uppeared at extremely low resconse rates
(less than one per minute) and tended to be related to the chrenological course of i ex~
pariment but not to the ELF fields, That is, os the number of sessions increased, the re~
sponse rate in the initicl segments of the Fl 20=second components decreased .,

Reaction time behavior is shown in Figure 3. Measures obtained during RT behavior
were [Tl responses, anticipatory responses, and reaction time. IT| and anticipatory re-
sponses were calculated as the percentage of total respon.es and are seen in the top and
middle portions of Figure 3. Reaction time was recorded as the median latency of a RT
response und is snen in the lower portion of Figuro 3. Sessions 21 through 24 experienced
an equipment malfunction and data were off scale for animal AR4, RT latency was com-
pletely unchanged for AP6 and a small decrease in latency was seen for AR4 when the
tields were present., However, ‘vhen the fields were removed, AR4 did not show a con-
comitant increase ir RT, Instead, AR4 contirued fo respond faster to the tone, Figure 4
demonstrotes further the lack of RT change for AP6 and the graduel change in the latency
of AR4, In Figure 4 histograms representing the frequency of reaction time responses as
funciion of their latency are shown in relation to the absence and presence of the fields.
Although AP6 displayed no substantial changes in these histograoms, 4R4 did, The 0.2-
second category in auch set of AR4's histograms gradually increased from 16 percent to
49 percent over the course of the experiment, and the increases were independent of the
ELF fields. In other words, AR4 learned to respond faster as the experiment progressed.
The percentage of ITl and anticipatory responses was relatively small and changes associ-
ated with the fields were evident only in ARA's anticipatory responses as seen in Figure 3.
These changes, however, were smaller than the changes whick occurred from session to
session and were not staiistically significant, AP6 did not display similar changes in his
behavior. :

MS measures were errcrs as the percentage of total responses and the median latency
to press one of the comparison discs after the top disc had been pressed. The activity
measure was actuations per hour of a switch located at one end of n rod in the grid ficor
of each experimental chamber,

MS performance also was not related to the presence of the ELF fields as seen in
Figure 5. APFé continued to decrease his eiror rate as did AR4 to o lesser degree. How=
ever, during the la.t 30 sessions no substanii+l changes occurred in either animal's error
rate. Response latency was very stable for AP6 and highly variable for AR4 but in neither
case wa; it related to the ELF fie'ds.

*The points corresponding to the 20-second marks on the abscissa do not truly reflect rate
because these points include all responses falling in the last 2.0 seconds of the Fl plus re-
sponses cecurring after the Fl timed out.
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‘ Reaction time measures. Intertrial interval responses were those lever

lifts occurring before the reaction time light appeared, and anticipatory
responses were those lever releases occurring after the light appeared but
before the tone was presented,
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Histograms representing average proportions of reaction times that occurred during the ;ﬁ g
first sacond following the reaction time tone. The data were obtained from the seven 3y

sessions preceding the introduction of the 45-Hz fields (NO FIELD 1), the seven sessions
after the fields were turned on (45 Hz B & E FIELD 1), the seven sessions before the

fields were turned off (45-Hz B & E FIELD 2), and the seven sessions after the fields were 3
removed (NO FIELD 2).
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Match=to-sample and general activity. Errors were culculated as the
proportion of errors to the total responses. The higher polnts in the
activity graph occurred on Mondays.
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General motor activity gradually decreased for both animals during the course of the
experiment and no relatizaship to the ELF fields was evident as seer in the lower part of
Figure 5. Both animals did display a 5-day activity cycle in which they exhibited ~reat-
est amounts of activity in the first session following the weekend layoff.

The Mann-Whitney U Test (17) was used to assess statistical significance whenever
mean differences were observed. Probabilities at the .05 level or less were considered
to be significant and were reported; however, none were reported in Section A becuuse
the 45-Hz fields hud no statistically significant effect on the behaviors observed. The
lack of changes was not merely a function of using overaged data. None of the measures
demonstrated any substantial changes between sessions at the time the fields were intro-
duced or removed.

SECTION B

Behavior of the animals rerssonably stabilized during the first 11 sessions of this por=
tion of the experiment and the 10~Hz fields were turned on at the start of session 12, Per-
formance was essentially the same as in Section A on most measures, as seen in Figure 6.
The data for Figure 6 are medns from the six sessions preceding the introduction of the
fialds, the 12 sessions while the flelds were on, and the 6 sessions following the removal
of the fleles, The standard error of the means for the same data are shown on the laft of
Table I, These figures give an indication of the session to session variability of the
means., Fl performance, although not influenced by the fields, did show some indication
of a change in motivation. Both animals took increasing omounts of time to obtain avail-
able relnforcement and gradually decreased their response rates as the number of sessions
Increased. AR4 slightly increased his response rate when the fields were on but this in-
crement was not significant, Again, there were no substantial changes in post reinforce -
ment pause time except for @ small gradual increase for AR4 as the sessions progressed .
Figure 7 demonstrates average responding in each 2,0~second segment of the FI. There
was obviously no strong influence of the fields on Fl responding since each point for the
field presence is almost the same as the analogous . 2int for the field absence, with some
exceptions in the cuse of AP6.

In the RT task APé showed a slight, statistically insignificant, increase in latency as
a function of the fields; however, AR4 did not. The behavior of AP6 was drastically re=
duced for one session when the fields were on and produced extreme latencies in both RT
and MS, AR4 did show a non=significani drop in the percentage of IT! responses during
the RT task. These changes were not similar to changes occurring with the 45-Hz fields.
A closer examination of RT responses is made in Figure 8. The histograms of RT responses
show that each animal varied his reaction times about the same with the fields as without
them and that modal response values did not vary .

MS performance demonstrated a tendency for one animal to be influenced in ene di-
rection by the fields and the other unimal to be influenced in the opposite direction.
Neither ot these changes ware statistically significant. Where AP6 increased his mean
matching errors and his latency to press o comparison stimulus wien the fields were on,
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Table i

Standard Error of the Mean for Data Shown in Figures 6 and 9*
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Summary of mean behavior before (NO FIELD 1), during (10~Hz B & E FIELEY, and after
(NO FIELD 2) the 10=Hz magnetic and electric fields were introduced.

data are shown in the top three graphs

Fixed interval

Reaction time data are in the center thiee graphs

and match=to=sample and activity data are in the lower thiee graphs,  The ordinate on
each graph describes the particular datum and its quantity .
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AR4 decreased his errors and showed no decrement in his latency . APé responded only 16 ' ‘
times one session and produced this outcome., , 1

The ac’ivity data continuved to show a general decrease and both animals produced
significantly less activity during the presence of the fields (p <.02 for both animals).
These changes wete the firsi to occur concurrently in both subjects as a function of the
fields, '

Because more changes, significant and non=significant, occurred as ¢ function of the
10~Hz fields than occurred under the 45«Hz fields, it was decided to repeat the 10-Hz
stimuli and not interrupt data collection over the weekends; hence, Section C, which
contained 24 continuous sessions, war imposed. *

¢

SECTION C

Figure 9 summarizes the means of variors measures obtained when the 10-Hz fields
were repeated, Dota wers averaged over the 16 sessions without the fields (8 before and
8 after) ard the 8 sessions with the fields on. The standard errors of these meons are shown
on the right of Table 1. In Figure 9 it is seen that beth animal: gradually reduced their i
response rote and increased their pause time in the Fl 30=second task. These changes wern :
not correlated with the introduction of the flelds. AP6 did show a signiticant decrement
in réInforcement time when the flelds were preseni (p < .002), This change had not been :
swen previously . The fact that there was no substantial influence of the flelds on Fl be- {
havior is seen in Figure 10 where the average response rate per 2,0-second segment of the
Fl 30-second schedule is plotted. Most of the data points representing field and no field
overlap or else are very close, This is particularly true where the rates are greater than
one rasponse per minute, Although these data represent responding on a Fl 30=second
schedule, they are very similar to those in Figures 2 and 7 representing responding on «
Fl 20=second schedule., The similarily illustrates the high stabilily of Fi behavior during
the three sections of the experiment and the general insensitivity to ELF effacts

I
~

N A G e o e S

T e

There were some changes in RT performance as a function of the 10-Hz flelds., When
the fields were on, AR4 increased his IT| responses, significantly increased his anticipa-
tory responses (p < .05), and only slightly decreased his reaction time. Praviously, when
the 10-Hz fields were introduced (Section B), AR4 decreased his IT] responses, ~nd in
Seurion A, when the 45-Hz fields were on, AR4 decreosed his anticipctory tesponses .
APS significantly increased his IT! responses (p < ,05) when the fields were an, but his
other RT performance illustrated changes related to increased number of sessions only .
Figure 11 shows that there were no substuntial changes in AR4's reaction time responses
since the distributions were assentially the sume under all three conditions. A close ex-
amination of the three sets of histograms for APé reveals that he gradually increased the
proportion of responses in the 0.3-second category and reduced those in the 0.4=second
cateyory as the sessions increased .

Perfo. mance on the MS task also tended to be influenced by the ELF fields during
Section .. Both animals responded faster when the fields ware on, AR4 significantly so

16
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Summary of mean behavior when the 10-Hz magnetic and electric tields were presented
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(p < .05), than they did when the fields were off, and AR4 made fewer errors in the pres=
ence of the fields. These changes, however, were similar to those in the previous 10=Hz
fields only in the case of AR4's percentage of error. Previously APé increased his response
time, whereas, in Section C, AP6 de~reased his response time when the fields were on.

General motor activity continued to decrease and was at very low rates ot the end of
the experiment. Such decrements in activity often occur with continued confinement. In
Section C there were no significant effects or trends i in the activity data and Section B's
results were not confirmed.

A summary of the three sections of this study reveals that few consistent patterns of
behavioral change occurred as a fuaction of the ELF fields either between or within sub-
jects, and only in the case of one animal, AR4, was a repeatable effect obseived. How=
uver, this effect, a reductinn in MS errors when the 10~Hz fields were on, was hot statis~
tically significant in any cuse.

In general, the overall performance of the animals was the same «s in Experiment 1(1)
demonstrating that the 50 percent reduction in reinforcement rate did ncf influence be-

havior,
CONCLUSIONS

Even though a number of trends In the data occurred \n the presence of the 45-Hz
fields, similar tendencies were not observed when the 10-Hz fields were introduced and,
in some cases, the exact opposite oceurred. For example, AR4 had o lower F1 response
rate in the presence of the 45-Hz fields but a higher Fl response rate in the presence of
the 10-Hz fields. Similarly, predictions made because of differences and trends in the
first 10=-Hz section (B) were confirmed in oi'ly one instance in the second 10=Hz section
{C) and in some cases the opposite outcome occurred. For example, AP6 had o larger
responsa latency on the MS task when the initial 10~Hz fields were on (Section B) but a
smaller la*ency the second time the 10~Hz fields were on (Section C). Such inconsist=
encies are not unusual (3,7,8), but they do require explanations. One explanation of
these results would be that the ELF fields have no effect and that the significant differ=~
ences which appeared were due to chaiice alone. Such chance occurrences were quite
likely since 18 measures were obtained, and the probability that one of these would hav+
shown significant differences by chance is almo:t the same as the significance le vel used
(.056 versus .05). On the other hand, both animals significantly reduced the’r activity
in the presence of the 10-Hz fields in Section B which was highly unlikely as a chonce
phenomenon. A reuson they failed to show a similar effect the second time (Section C)
may have been because of the overall reduction in activity that occurred us a function of
increased confinement. That is, activity was reduced to such a low level that the ELF
fields or even a very strong stimulus would have had no discernible effect. Other studies
have consistently obtained differences in activity s a functior of ELF fields (12,13, 14),
and this investigator believes that the activity rlu.z~ in the curtent study was probably
the only behavior presently explored that c-iid have been on effect of the 10-Hz fields.
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In general, the results failed to support the assumption that ELF fields will affect
motivated behavior. In only one instance was a superficial indicator of motivation (time
to obtaln reinforcement once It wus available) significantly changed in one animal and
only once did the activity level of both animals seem to be lowered by the fields.

Because there was so litle consistency in the results from one section of the experi~
ment to another, or between subjects, and sinze the effects (except on activity) were not
related to those reported in other studles, such as a simpis reaction time effect (2), ihis
investigator be!laves that substantial replication will have to be accomplished if effects
of ELF non~lonizing radiation are to be unequivocally ‘identified. The present study does
not support the assumption that ELF fields always affect animal behavior. Such effects,
if the, are real, will most certainly be dependent upon the specific frequency of the
fleld. This specifit frequency has yet to be identified.

21

.
A

€
3
3
'

e

e

LN,

EN

A 2Ny X

BBl e, e T

ot L s e da

p
b

&

R

0 _‘!
X
o
4
,."a"

*

e |




10.

1.

REFERENCES

de Lorge, J., Operant behavior of rhewus monkeys in the presence of extremely low
frequency=low intensity magnetic and electric fields: Experiment 1. NAMRL=~
1155. Pensacola, Fla.: Naval Aerospace Medical Research Laboratory, 1972,

Friedman, H., Becker, R, O., and Bachman, C. H., Effect of magnetic fields on
reaction time performance. Nature, 213:949-956, 1967.

Gavalas, R. J., Walter, D. O., Hamer, J., and Adey, W, R., Effect of low-
level, low~frequency electric fields on EEG and bunavior in Macaza
nemestrina. Brain Res., 18:491-501, 1970.

Grissett, J, D., Exposure of squirrel monkeys for long periods to extremely low=
frequency magnetic fields: Central“Nervous=system effects as measured by
reaction time, NAMRL=1146. Pensacola, Fla.: Naval Aerospace Medical
Research Laboratory, 1971,

Grissett, J. D., ond de Lorge, .., Central=nervous=-system effects as measured by
reaction time in squirrel monkeys exposed for short periods io extremely low=
fraquency magnetic fields, NAMRL-1137. Pensacold, "ia.: Naval Aerospace
Medical Research Laboratory, 1971,

Kelleher, R. T., Chaining and conditioned reinforcement. In: Honig, Werner K.
(Ed.), Operant Behavior: Areas of Research and Application, New York:
Appleton=Century =Crofts, 1966, Pp 160-212,

Konig, H. L., Uber den Einfluss besonders niederfrequente r elektrischer Vorgange
in der Atmosphare auf die Umwelt. Z. Angew. Bader-und Klimaheilkunde,
9:481-501, 1962,

Konig, H., and Ankermuller, F., Uber den Einfluss besonders niederfrequenter
elektrischer Vorgange in der Atmosphare auf den Menschen. Naiurwiss, 47:
486-490, 1960, '

Lett, J. R., and McCain, H. B., Effects of continuous and pulsating electric fields
on brain wave activity inrats. Int. J. Blometeor., 1973. (in press).

Ludwig, H. W., Der Einfluss von elektromagnetischen Tiefst-frequenz=Wechselfeldern
auf hohere Organismen. Biomedizinische Technik, 16:67-72, 1971,

Ossenkopp, K=P, Koltek, T., and Persinger, M. A., Prenatal exposure to an ELF~-
low intensity roiating magnetic field and increases in thyreid and testicle
weights in rats. Develop. Psychobiol., 5:275-285, 1972,

22




o n.mﬁh;&?ﬂ&%&ﬁ&i%ﬂmm AR EASMOUATIINAT Tos i A GT » ammhrorl « ANMR 1yt abai ¥-srodals ety ARG LG AT T ST A SO Y5 2 £ £

12.  Persinger, M. A,, Open~fieid behavior, in rats exposed prenatally to a low 2
intensity ~low frequency, rotating magnetic field. Develop. Psychobiol., 2:
168171, 1969,
13. Persinger, M. A,, Prenatal exposure to an ELF rotating magnetic field, ambiiatory f
behavior, and lunar distance at birth: A correlation. Psychol. Rep,, :.8:435- % .
438, 1971, 4% :
14, Persinger, M. A., Ossenkopp, K=P, and Glavin, G. B., Behavloral changes in ‘é
adult rats exposed to ELF magnetic fields, Int. J. Biometeor., 16:155-162, ph
1972. _— §
15, Reiter, R,, Sind liitelektrische Grossen als Komponenten des Bioklimas in Betracht fg
zu ziehen? Helzung, Luftung, Haustechnik, 21:258-2¢2, 279-285, 1970, S
. % ;'.},,
16, Sances, ). (Chm.}, The effects of low frequency magnetic and electric fields on % i
blological communication processes. Symposium. Snowmass-at=Aspen, b
Colorado, February 1973, ;

i
17, Siegel, S., Nonparametric Statistics for the Behavioral Sciences. New York: }
McGraw=Hill, 1956, ‘g
18. Werber, M., Sparks, R. M., and Goetz, A. C., The behavior of weakly electric g
i fish (Sternarchus albifrons) in magnetic flelds. J. gen. Psychol., 86:3-13, !
1972, , -
% a3
ks
‘ 1
:: e r §
- iy i 2 &
@ ER
| b
3 23 | -
B




